Background: Information regarding the association of comorbidity indices with readmission risk for older adults receiving postacute care is limited. The purpose of this study was to compare the discriminatory ability of five comorbidity indices in predicting 30-day all-cause hospital readmission following discharge to the community from postacute inpatient rehabilitation facilities (IRF).
A report by the Institute of Medicine identified postacute care as a significant contributor of variation in Medicare spending (1) . Approximately 371,000 Medicare fee-for-service patients received inpatient medical rehabilitation in 1,165 postacute inpatient rehabilitation facilities (IRF) in the United States (2) . IRFs are defined as one of the several postacute services supported by Medicare (2) . Thirtyday hospital readmission rates following inpatient rehabilitation ranged from 5.8% for patients with a lower extremity joint replacement to 18.8% for patients with debility during 2006 through 2011 (3). Shih and colleagues (4) compared the association of the Charlson and Elixhauser comorbidity indexes with admission to acute care after IRF stays and reported nonsignificant results. Despite the substantial health care costs associated with comorbidities and functional decline in older adults (3, (5) (6) (7) , there has been little research to examine the association of functional status and comorbidity indices with the risk of hospital readmission using administrative claims data in postacute care settings.
Identifying the impact of comorbidity indices on readmission after discharge from IRF is important as the Centers for Medicare and Medicaid Service (CMS) has established 30-day postdischarge hospital readmission as a quality measure for IRF (8) . Initially, the hierarchical condition category (HCC) was developed by the CMS to predict payments for beneficiaries enrolled in the Medicare Advantage Program. More recently, CMS has included it in the standardized risk adjustment models for 30-day unplanned readmission following discharge from IRF (9) . In addition, the current 30-day readmission risk adjustment measure lacks information on functional status. The HCC has not been tested for its association with 30-day readmission in IRF settings. Studies exist indicating that information on patient-level functional status can improve the accuracy of readmission risk models (10) .
The purpose of this study was to compare five comorbidity indices in predicting 30-day all-cause hospital readmission following discharge to the community from IRF in older Medicare-feefor-service patients. We examined the Charlson Comorbidity Index (Charlson), Elixhauser Comorbidity Index (Elixhauser), Functional Comorbidity Index (FCI), HCC, and "Tier" comorbidity classification system used in the IRF prospective payment system (11) . In addition, we analyzed the discriminatory ability of patient-level functional status on 30-day all-cause readmission. Based on the fact that CMS has incorporated the HCC in the 30-day readmission adjustment measure for inpatient rehabilitation (9), we hypothesized that the CMS-HCC would demonstrate the strongest association with 30-day acute hospital readmission after discharge from postacute inpatient rehabilitation.
Methods

Data Source
Secondary analyses of Medicare fee-for-service data were conducted using the Beneficiary Summary File, the Medicare Provider Analysis and Review File (MedPAR), and the Inpatient Rehabilitation FacilityPatient Assessment Instrument (IRF-PAI) file from 2011. The IRF-PAI data were linked with the Beneficiary Summary File and MedPAR file. The study was reviewed by the University's Institutional Review Board and a Data Use Agreement was established with the CMS.
Study Cohort
The eligible study cohort included Medicare beneficiaries who had an IRF stay and were discharged in 2011 (N = 181,443). Patients who were enrolled in plans other than Medicare fee-for-service, for example, Medicare Advantage, were excluded because we did not have access to their claims information (n = 24,147). Information regarding the number of patients excluded from the eligible cohort and the reasons for the exclusion is presented in Figure 1 . The final study sample included 75,582 patients discharged from 1,165 IRFs including 27,031 patients with stroke, 24,986 with lower extremity fracture, and 23,565 with lower extremity joint replacement. Beneficiaries in these three impairment categories represent 45% to 50% of Medicare beneficiaries receiving medical rehabilitation in IRFs (2) .
Outcome
The primary outcome was all-cause 30-day readmission to acute hospitals following discharge from IRF to the community (9). The 30-day readmission window started on the day following discharge from IRF and was based on previous research examining rehospitalization following postacute inpatient rehabilitation (3). We included only the first readmission during the study period. Community settings included home, board-and-care, transitional living, and assisted living residences as defined by CMS (12) .
Measures
Patient demographic variables included age, gender, race/ethnicity, disability, and dual eligibility for Medicare and Medicaid. Age was used as a continuous variable. Dual eligible beneficiaries receive benefits from both Medicaid and Medicare. Disability was categorized as yes or no based upon whether or not the beneficiary originally qualified for Medicare benefits due to disability. A family support variable was created using a combination of marital and prehospital living status, from the IRF-PAI data file. Patients were considered to have family support if they were married or living with others before hospitalization.
Information on functional status was obtained from the IRF-PAI file, which uses items from the Functional Independence Measure (FIM) instrument (11) . The FIM items are administered to the patient at the time of admission and within 36 h of discharge from inpatient rehabilitation. The FIM instrument includes 18 items representing the following subscales: self-care (eating, grooming, bathing, upper body dressing, lower body dressing, toileting, bladder management, and bowel management); mobility (bed to chair transfer, toilet transfer, shower transfer, walking, and climbing stairs); and communication (comprehension, expression); and social cognition (social interaction, problem-solving, and memory). Each item is rated on a 7-point scale, ranging from complete dependence (level 1) to complete independence (level 7). Codes of "0" indicating an activity did not occur at the time of admission were re-coded as a "1". Total score ranges from 18 to 126, with higher scores indicating better function. For this study, we used the total discharge functional status score in the logistic regression models. The reliability and validity of the FIM instrument have been studied extensively in IRF settings (13, 14) .
Comorbidity Indices
Dichotomous indicators (yes/no) were used for each condition included in the Charlson, Elixhauser, FCI, and HCC indices for each patient. The Tier comorbidity index was used as a single four-level variable. We did not use composite scores for Charlson, Elixhauser, FCI, and HCC because doing so would mask the individual effect of the specific comorbid conditions included in the indices. There is no composite score available for the Tier comorbidity index, so comparison of four other composite comorbidity indices with Tier is not possible. The specific comorbid conditions were coded using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes listed in the claims data for patients receiving inpatient rehabilitation for stroke, lower extremity fractures, and lower extremity joint replacements. All dichotomized comorbidity variables were included in the respective models. Brief descriptions of the comorbidity indices are presented below.
Tier comorbidity
The Tier comorbidity system was developed by the CMS. It classifies medical conditions into one of four categories or tiers (no Tier comorbidity, Tier 1, Tier 2, and Tier 3) based on the projected resources that would be utilized during IRF stay (15). Tier 1 represents the highest cost category and includes 8 diagnostic codes; Tier 2 includes 11 diagnostic codes. Tier 3 includes 932 diagnostic codes and represents the lowest cost comorbidity category. A patient is assigned to a Tier category by the diagnostic codes in their inpatient records; patients with codes from more than one category are assigned to the higher tier category. We computed Tier categories for this analysis using ICD-9-CM codes published in the Federal Register in 2011 (15). Tier was included as a single four-level variable in the models.
Charlson Comorbidity Index (Charlson)
The Charlson index consists of 18 medical conditions and was developed to predict 1-year all-cause mortality using hospital medical records (16) . Deyo (17) adapted the original Charlson index for use with administrative data by using the ICD-9-CM codes, creating 17 comorbid categories. The Deyo version of the Charlson index was used in this study. Dichotomous indicators for each of the Charlson's 17 comorbidity conditions were included in the models.
Functional comorbidity index
The FCI includes 18 medical conditions and was developed to predict physical functioning using the 36-Item Short-Form Health Survey (SF-36) in noninstitutionalized populations (18, 19) . Kumar (20, 21) adapted the FCI for use with Medicare claims data by using the ICD-9-CM codes, predicting function and postacute rehabilitation outcomes in older adults. In comparison to Charlson and Elixhauser, the FCI captures more chronic conditions (eg, arthritis, hearing impairment, and degenerative disk disease) that are associated with physical functioning (18) . Dichotomous indicators for each of the FCI's 18 comorbid conditions were included in the models.
Elixhauser comorbidity index (Elixhauser)
The Elixhauser index consists of 30 medical conditions intended to predict acute-hospital mortality, length of stay, and hospital charges (22) . The Elixhauser index is based on ICD-9-CM codes using administrative data and has been widely used in health services research (23, 24) . Dichotomous indicators for each of the Elixhauser's 30 comorbidity conditions were included in the models.
Hierarchical condition category
The HCC was developed by CMS to estimate annual expenditures for beneficiaries enrolled in the Medicare Advantage Program, using demographic characteristics and diagnostic-based medical conditions documented in patient claims from the previous year (25) . The HCC scores are calculated annually for each Medicare Advantage enrollee using ICD-9-CM diagnostic codes from ambulatory and inpatient claims data. CMS has included HCC condition categories in a risk-adjustment model to predict 30-day unplanned readmission from inpatient rehabilitation (9) . However, the utility of HCC has not been tested in IRF settings. Dichotomous indicators for each of the HCC's 70 comorbidity conditions were included in the models.
Analysis
Descriptive statistics for patient sociodemographic variables and functional status were stratified by hospital readmission. Logistic regression models were computed to examine and compare the discriminative ability of the five comorbidity indices to predict 30-day readmission stratified by impairment (stroke/fracture/joint replacement) group. We developed six models within each of the three impairment groups. The baseline models contained demographic variables, including age, gender, race/ethnicity, Medicare disability, Medicare-Medicaid dual eligibility, family support, and length of stay in the IRF. In each of the five subsequent models, variables from one of the comorbidity indices were added separately. We developed another six models that included discharge functional status to illustrate the discriminatory ability of functional status. We used discharge functional status rather than admission functional status in order to have a stable measure of functional status at the beginning of the 30-day window for readmission. If we would have used admission functional status, change (improvement) in functional status during inpatient rehabilitation would be confounded with the impact of functional status on 30-day readmission following discharge. C-statistics were used to measure the overall association of the comorbidity index-specific models with 30-day acute hospital readmission. Values range from 0.5, meaning no better than chance, to 1.0, meaning perfect discrimination (26) . All analyses were performed using SAS 9.3 (SAS Institute, Cary, NC).
Results
Demographic and clinical characteristics of the study sample were stratified by readmission status, as shown in Table 1 . Approximately 10.4% of the subjects were readmitted to an acute hospital within 30 days following discharge from postacute inpatient rehabilitation. The readmission rate varied by impairment group: stroke (14.1%), lower extremity fracture (10.3%), and lower extremity joint replacement (6.6%). Variables associated with higher readmission rates were consistent across the three impairment groups and included being female, dual-eligible, initial Medicare due to disability status and lower discharge functional status scores.
The C-statistics for each model predicting 30-day readmission are presented in Table 2 
Discussion
We compared the discriminatory ability of five comorbidity indices with and without discharge functional status to predict 30-day all-cause readmission in older adults with stroke, lower extremity fracture, or joint replacement and discharged from IRF. Our results suggest that models containing HCC performed marginally better than other comorbidity indices. In addition, functional status was an important predictor of readmission for each impairment category. Our findings regarding the Charlson, Tier, and Elixhauser indices are consistent with the results from a recent study using information from the Uniform Data System for Medical Rehabilitation (4). To our knowledge, our study is the first one to compare the association of the HCC and FCI comorbidity indexes with 30-day readmission following IRF.
C-statistics higher than 0.70 are considered good and clinically relevant, and C-statistics higher than 0.80 are considered strong (26) . The slightly better performance of HCC and Elixhauser is likely attributable to the fact that these measures include a greater number of medical conditions than the other indices. Adding functional status to the base model increased the C-statistic by 0.06-0.09 across the three impairment categories. The majority of the current risk-predicting models for readmission, including those developed by the CMS for the Hospital Readmission Reduction Program (HRRP), do not include functional status information or conditions associated with functional impairment (10, 27) . The CMS risk-adjustment models for hospital-level readmission rates include age, gender, and HCC comorbidities. Mehta and colleagues (28) have demonstrated significant associations between HCC and mortality, but weak association with 30-day readmission among patients who had a surgical procedure in acute hospitals.
The CMS risk-adjustment model reported a C-statistic ranging from 0.62 to 0.67 for readmission risk in different diagnostic conditions in acute care (27) . In our study, the best model (comprised of the base model plus HCC and discharge functional status) had a C-statistic of 0.68. Coleman and colleagues (29) reported an increase to 0.83 from 0.77 in C-statistic with addition of self-reported information on functional status, self-rated health, visual impairment, and assistance with activities of daily living to the model. In our study, using C-statistic, functional status improved the 30-day readmission model predictability across all impairment categories. Our findings suggest that in older adults, functional status may have a stronger association with readmissions than commonly used comorbidity indices.
Given the established association between functional status and hospital readmission (6), the weak relationship between the FCI and readmission in our results requires further exploration. The FCI was developed to predict the physical functioning domain of the Short-Form-36 (SF-36) health survey (18) . The physical functioning domain of the SF-36 is patient-reported. This may limit its sensitivity in assessing performance-based functional status. The FCI was originally tested in a younger (mean age, 55 years), noninstitutionalized sample with a primary diagnosis of osteoporosis and musculoskeletal limitations. Our sample included older patients (mean age 79 years) with stroke, fracture, or joint replacement receiving intense inpatient medical rehabilitation (18) . The FCI includes 18 chronic conditions but does not include conditions such as pressure ulcers, urinary tract infection, renal failure, septicemia, pneumonia, or arrhythmia. These conditions are associated with readmission and are also prevalent among older Medicare beneficiaries receiving inpatient acute and postacute care (30) .
The conventional approach of aggregating comorbidities for testing their association with outcomes ignores both methodological and clinical issues of coexistence of multiple chronic conditions or multimorbidity in the older adult population (31, 32) . Though our study did not account for multimorbidity, the findings contribute useful information to this important issue by testing associations of individual medical conditions in existing comorbidity indices. The findings suggest the need for more advanced methods to test the synergistic effects of multimorbidity in different diagnostic categories. For example, in a recent study using a combination of sophisticated visual and data analytic computer modeling methods, Bhavnani and colleagues found that small individualized clusters of chronic conditions were more powerful predictors of readmission than aggregated comorbidities such as the Charlson or Elixhauser in acute settings (33) . Research is needed to understand the complex relationship between multimorbidity and functional status and to help identify comorbid conditions sensitive to hospital readmission associated with postacute care.
Our study has several limitations. First, we did not assign weights to the individual conditions within the comorbidity indices. The rationale was that some indices do not use weights and those that do, use weights that are developed for specific outcomes (eg, 1-year mortality). Second, our analyses were limited to Medicare fee-for-service beneficiaries in IRF settings for the three impairment categories. The findings are not generalizable to patients in other impairment categories and other postacute settings (such as skilled nursing facilities, home health, and long-term acute care hospitals). Finally, we included Medicare-Medicaid dual-eligibility status as a proxy for low socioeconomic and social support; there are other direct measures of the socioeconomic status affecting readmission risk for patients, which were not available for our analyses.
Conclusion
In our study, none of the comorbidity indices were strong predictors of 30-day hospital readmission following discharge from IRF settings after adjusting for patient-level characteristics. The HCC demonstrated a slightly higher association with 30-day all-cause readmission compared to the Elixhauser, Charlson, FCI, and Tier comorbidities. The findings also highlight the role of functional status in readmission risk prediction models. One plausible explanation for the lack of sensitivity among the comorbidity indices in predicting readmission is the fact that these indices were developed to predict specific outcomes for different populations in non-postacute care settings. Thus, it may not be reasonable to expect these indices to be clinically useful predictors for outcomes such as hospital readmission in postacute care. Future research should incorporate innovative approaches associated with the emerging fields of data science and visual analytics to explore connections among patient functional status, multimorbidity, and contextual factors to help create individualized risk indices associated with postacute care settings and outcomes (33, 34) . Future research developing patient-centered individualized risk indices will enable providers to implement targeted interventions controlling for unintended outcomes (such as hospital readmissions), and aligned with value-based health care (35) .
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